Background: Previous studies suggested miR-146a and miR-155 play important roles in innate and adaptive immune responses. We studied intra-renal and urinary levels of miR-146a and miR-155 in patients with immunoglobulin A nephropathy (IgAN). Methods: Intra-renal and urinary levels of miR-146a and miR-155 are quantified in 43 patients with IgAN; the result was compared to 20 nephrectomy specimens and urine sediment of 13 healthy volunteers. Results: The levels of intra-renal and urinary levels of miR-146a and miR-155 of IgAN are significantly higher than controls. Estimated glomerular filtration rate inversely correlates with intra-renal level of miR-146a and miR-155; proteinuria positively correlates with intra-renal level of miR-146a and miR-155, as well as urinary level of miR-146a and miR-155. Intra-renal level of miR-155 significantly correlates with tubulointerstitial scarring. Urinary level of miR-146a inversely correlates with urinary expression of interleukin (IL)-1β, IL-6 and tumor necrosis factor (TNF)-α and positively correlates with urinary expression of regulated upon activation, normal T-cell expressed, and secreted (RANTES). Urinary level of miR-155 inversely correlates with urinary expression of IL-1β and TNF-α and positively correlates with urinary expression of forkhead box P3 (FOXP3) and RANTES. Conclusion: We conclude that intra-renal and urinary levels of miR-146a and miR-155 were significantly elevated in IgAN, and the degree of upregulation correlates with clinical and histological severity of the disease. Our results suggested miR-146a and miR-155 might play an important role in the pathophysiology of IgAN.
Introduction
Immunoglobulin A nephropathy (IgAN) is the most common form of primary glomerulonephritis worldwide [1] . IgAN is also an important cause of endstage renal disease (ESRD); 15 to 40% of patients with biopsy-proven IgAN progress to ESRD in 10 to 20 years [2, 3] .
Although the exact etiology of IgAN is not fully elucidated, mucosal and systemic immune responses have been suggested to play a central role in the pathogenesis of IgAN [4, 5] . Disorder of B and T lymphocytes has been described throughout the clinical course of IgAN [6, 7] . However, the underlying mechanisms of immune response activation in IgAN have not been completely clarified.
MicroRNAs (miRNAs) are noncoding, single-stranded RNA molecules of 21 to 23 nucleotides in length; miRNAs regulate gene expression at post-transcriptional level by degrading or blocking translation of messenger RNA (mRNA), and play important roles in many physiological and pathological processes [8] [9] [10] [11] . A number of miRNA species, notably miR-146a and miR-155, have been shown to regulate multiple steps in the development and function of lymphocytes and myeloid cell [12, 13] .
The role of miRNA in the pathogenesis of IgAN remains unknown. A previous study that used miRNA microarray technology revealed intra-renal dysregulation of a number of miRNA species in patients with IgAN [14] . Our previous studies showed that intrarenal levels of miRNA related to epithelial-mesenchymal transition (EMT), such as miR-200c, miR-141, miR-205 and miR-192, were diversely regulated and correlated with disease severity and progression in patients with IgAN [15] , while urinary level of EMTrelated miRNA such as miR-200a, miR-200b and miR-429, were reduced, and the degree of reduction correlated with disease severity and rate of progression [16] . In the present study, we examined the intra-renal and urinary levels of two immune-related miRNAs, miR146a and miR-155, in patients with IgAN.
Patients and methods

Subjects
We studied 43 consecutive patients with IgAN confirmed by kidney biopsy in the Prince of Wales Hospital, Hong Kong, between 2004 and 2007. Patients with other coexisting renal pathology, and recurrent IgAN after kidney transplantation, were excluded. The study was approved by the Clinical Research Ethical Committee of the Chinese University of Hong Kong. All patients provided informed consent. Clinical data including serum creatinine and 24 hours urine protein were recorded at the time of kidney biopsy. Glomerular filtration rate (GFR) was estimated by a standard equation [17] . We studied normal renal tissue from the nephrectomy specimen of 20 patients with renal cell carcinoma (all clear cell type) and urine sediment from 13 healthy subjects as controls for intra-renal and urinary expression study, respectively.
After renal biopsy, all patients were followed every 2 months for at least 12 months. Renal function was assessed at every visit. Disease progression was measured by the rate of GFR decline, which was calculated by the least-square regression method [18] . Treatment for individual patient was determined by the responsible physician and not affected by this study. All physicians were blinded from the results of miRNA and mRNA expression.
Sample preparation
Immediately after kidney biopsy, the renal tissue was fixed in 10% neutral buffered formaldehyde overnight and then dehydrated by alcohol and embedded in paraffin for intra-renal miRNA and mRNA expression. Ten 10 μm sections were cut from the formalin-fixed and paraffin-embedded (FFPE) tissue blocks using a microtome and pooled in a 1.5 ml microcentrifuge tube. The sections were then treated by xylene for 3 minutes at 50
• C and washed by 100% ethanol twice. Air dry the pellet for 30 minutes at room temperature.
Urine specimen was collected and processed immediately. Urine sample was centrifuged at 3000 g for 30 minutes and at 13000 g for 5 minutes at 4
• C. Supernatant was discarded and the urinary cell pellet was lysed by RNA lysis buffer (Qiagen Inc, Ontario, Canada). Specimens were then stored at −80
• C until use.
Measurement of miRNA levels
RecoverALL TM total nucleic acid isolation kit and MirVana TM miRNA isolation kit (Ambion, Inc. Austin, TX, USA) were used for the extraction of total RNA from FFPE tissue and urinary sediment according to the manufacturer's protocol.
TaqMan microRNA reverse transcription Kit (Applied Biosystems, Foster City, CA, USA) and High Capacity cDNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA) were used for reverse transcription. For miRNA, 0.5 μg total RNA was mixed with 1 μl specific primers, 0.05 μl 100mM dNTPs (with dTTP), 0.5 μl 10x reverse transcription buffer, 0.33 μl (50U) MultiScribe TM Reverse Transcriptase, 0.66 μl RNase inhibitor (20U/μl) and made up to 5 μl with H 2 O. Reverse transcription was performed at 16
• C for 30 minutes, 42
• C for 30 minutes and 85
• C for 5 minutes. For mRNA, 3 μg total RNA was mixed with 2 μl specific primers, 0.8 μl 100 mM dNTPs (with dTTP), 2 μl 10x reverse transcription buffer, 1 μl (50U) MultiScribe TM Reverse Transcriptase, 1 μl RNase inhibitor (20U/μl) and made up to 20 μl with H 2 O. Reverse transcription was performed at 25
• C for 10 minutes, 37
• C for 120 minutes and 85
• C for 5 minutes. The resulting cDNA was stored in −80
• C until use. Intra-renal and urinary levels of miR-146a and miR-155, together with urinary mRNA of inteleukin-1β (IL-1β), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), forkhead box P3 (FOXP3) and Regulated upon Activation, Normal T-cell Expressed, and Secreted (RANTES) were quantified by RT-QPCR using the ABI Prism 7900 Sequence Detection System (Applied Biosystems, Foster City, CA, USA). Commercially available Taqman primers and probes, including 2 unlabeled PCR primers and 1 FAM TM dye-labeled TaqMan MGB probe were used for all the targets (all from Applied Biosystems). For mRNA expression, the primer and probe set was deliberately designed across the intron-exon boundary so as not to detect probable genomic DNA. For RT-QPCR, 2.5 μl universal master mix, 0.25 μl primer and probe set, 0.33 μl cDNA and 1.92 μl H 2 O were mixed to make a 5 μl reaction volume. Each sample was run in triplicate. RT-QPCR were performed at 50
• C for 2 minutes, 95
• C for 10 minutes, followed by 40 cycles at 95
• C for 15 seconds and 60
• C for 1 minute. β-Glucuronidase (GUSB, Applied Biosystems) and RNU48 (Applied Biosystems) were used as house-keeping genes to normalize the mRNA and miRNA expression respectively [19, 20] . Results were analyzed with Sequence Detection Software version 2.3 (Applied Biosystems). In order to calculate the differences of expression level for each target among samples, the ΔΔC T method for relative quantitation was used. Average expression level of normal renal tissue from patients with kidney clear cell cancer and urine from normal subjects was used as calibrator for intra-renal and urinary expression and the expression level of targets was a ratio relative to that of the controls.
Assessment of renal scarring
Analysis of renal fibrosis was determined on 4μm paraffin-embedded sections stained by Periodic Acid Schiff (PAS) or Jones silver stain. The severity of renal fibrosis was scored by an experienced pathologist (FML) who was blinded to the results of molecular studies. The severity of glomerulosclerosis was represented by the percentage of sclerotic glomeruli in total glomeruli obtained from biopsy. For tubulointerstitial scarring, ten microscopic fields were viewed at magnification of 200 × and scored from 0 to 100% for each patients. The severity of tubulointerstitial scarring was represented by the mean of ten scores.
Statistical analysis
Statistical analysis was performed by SPSS for Windows software version 13.0 (SPSS Inc., Chicago, IL). All the results were presented in mean ± SD for data normally distributed, and median and inter-quartile range (IQR) for the others. Since data of gene expression levels were highly skewed, either log transformation or nonparametric statistical methods were used. We used Mann-Whitney U test to compare gene expression levels between groups and Spearman's rank-order correlations to test associations between gene expression levels and clinical parameters. When no detectable level of a transcript was found (defined as no detectable level after 40 cycles of RT-QPCR) and there was zero value, a value equal to half of the minimum observed gene expression level was assigned [21] . A P value of below 0.05 was considered statistically significant. All probabilities were two-tailed.
Results
The demographic and baseline clinical data of the study subjects were summarized in Table 1 . As compared to controls, patients with IgA nephropathy had significantly higher level of proteinuria and worse renal function. Histological studies showed that the percentage of glomerulosclerosis and tubulointerstitial scarring were 28.3 ± 27.0% and 25.6 ± 24.1% respectively.
Levels of miRNAs and mRNAs
As compared to control tissue, IgAN had higher intra-renal levels of miR-146a (2.01, IQR 1.33 to 2.43, versus 0.98, IQR 0.56 to 1.27, P < 0.001) and miR-155 (4.85, IQR 2.54 to 8.31) versus 1.68, IQR 0.44 to 3.26, P < 0.001) (Fig. 1A) . Similarly, IgAN group had higher urinary levels of miR-146a (Fig. 1B) . Further, intra-renal levels of miR-146a and miR-155 had significant internal correlation (r = 0.782, P < 0.001). Similarly, urinary levels of miR-146a and miR-155 had significant internal correlation (r = 0.809, P < 0.001) (Fig. 2) . There was no significant correlation between tissue and urine level of any of the miRNA studied (details not shown).
Relation with clinical and histological parameters
Intra-renal levels of miR-146a and miR-155 both inversely correlate with GFR and positively correlate with proteinuria (Fig. 3) . Urinary levels of both miR146a and miR-155 positively correlates with proteinuria (Fig. 4) , but neither of them correlates with GFR (r = 0.074 and r = −0.198, respectively).
Intra-renal level of miR-155 significantly correlates with the degree of tubulointerstitial scarring (r = 0.514, P = 0.002) (Fig. 5) ; intra-renal level of miR-146a also correlates with tubulointerstitial scarring (r = 0.322, P = 0.059), but the result did not reach statistical significance. The degree of glomerulosclerosis, however, do not correlate with intra-renal levels of miR-146a (r = 0.210, P = 0.181) or miR-155 (r = 0.205, P = 0.193). Urinary levels of miR-146a and miR-155 do not correlate with glomerular or tubulointerstitial scarring (details not shown).
Relation with urinary cytokine gene expression
Urinary level of miR-146a inversely correlates with urinary expression of IL-1β, IL-6, and TNF-α, and positively correlates with urinary expression of RANTES (Fig. 6A) . Urinary level of miR-155 inversely correlates with urinary expression of IL-1β and TNF-α, and positively correlates with urinary expression of FOXP3 and RANTES (Fig. 6B ).
Discussion
Multiple miRNAs have emerged as important players in the pathogenesis of a variety of kidney diseases in recent years [22, 23] . For instance, miR-15a and miR-17 are linked to polycystic kidney disease [24, 25] and miR-21, miR-192, miR-216, miR-377 are linked to diabetic nephropathy [26] [27] [28] [29] . Our previous study showed that intra-renal levels of miR-200c, miR-141, miR-205 and miR-192 was diversely regulated and correlated with disease severity and progression in patients with IgAN [15] . In the present work, we further proved up-regulation of both intra-renal and urinary levels of miR-146a and miR-155 and their correlations with clinical parameters and histological damage in patients with IgAN, suggesting participation of these two miRNAs in the pathophysiology of IgAN. It should be mentioned that intra-renal levels of these two miRNAs was detected in a previous study [30] but not another that investigated the expression profile of renal miRNAs in IgAN [14] . This discrepancy might be a result of different technology or materials used in these studies.
It is interesting to note that our previous study showed a reduced level of urinary miR-200a, miR-200b and miR-429 (all EMT-related miRNA) in IgAN [16] , while we observed an increased in urinary miR-146a and miR-155 levels in the present study. Our result strongly suggests that the change in urinary miRNA levels represent specific alteration for individual miR-NA target rather than being a generic phenomenon of all miRNA.
verwhelming evidence has proved the involvement of miR-146a and miR-155 in the regulation of both innate and adaptive immune response [9] [10] [11] [12] [13] . Given the importance of renal immune response in the pathophysiology of IgAN, we investigated the correlations between these two miRNAs and important pro-inflammatory cytokines: IL-1-β, IL-6, and TNF-α, a chemokine (i.e. RANTES), together with the regulatory T cell (Treg) marker FOXP3, in the urine sediment. In line with previous studies [31, 32] which showed that both miR146a and miR-155 exerted a regulation activity to limit over-production of pro-inflammatory cytokines, we found urinary levels of miR-146a and miR-155 negatively correlated with the expression of IL-1β, IL-6 and TNF-α in patients with IgAN. Our result supports the hypothesis that upregulation of miR-146a and miR-155 results in suppression of IL-1β and IL-6 production.
On the contrary, we found that urinary levels of miR146a and miR-155 positively correlated with RANTES. Our result is distinct different from previous studies, which showed that increased miRNA-146a level negatively regulates the release of RANTES in human lung alveolar epithelial cells and macrophages [31, 33] . The effect of miR-146a and miR-155 on RANTES expression and function in IgAN requires further study.
We also found urinary level of miR-155 positively correlated with FOXP3. Treg cell has been suggested as an important player in IgAN and a numerical and/or functional deficit of Treg cell is hypothesized to trigger the development of the disease [34] . Recent studies proved that FOXP3 induced miR-155 production contributed to Treg development [35, 36] . Our result supports these previous studies.
OThere are a few limitations of our study. First, we detected the levels of the studied miRNAs using whole renal tissue and urine sediment without determining the cellular sources for each of them. Although both miRNAs we examined in this study are related to immune response, they may be expressed in other cell types [33] . Future studies would be necessary to investigate miRNA level in specific renal cell type. Second, we did not conduct a function study of these miRNAs. The underlying mechanism of the changes and correlations observed in this study needs further investigation. Because of the limited among of RNA obtained from the kidney tissue and urine sediment, we did not quantify the expression level of other known targets, such as tumor necrosis factor receptor associated factor-6 (TRAF6) and interleukin-1 receptor-associated kinase 1 (IRAK1), and compared them to intra-renal or urinary miRNA level. Finally, the present study is only cross-sectional in design, and it is possible that miRNA levels alter with disease progression and therapy. Future studies are needed to investigate the serial change of miRNAs level in IgAN.
In summary, we found both intra-renal and urinary levels of miR-146a and miR-155 are upregulated in IgAN, and the degree of up-regulation correlated with the disease severity. Urinary levels of miR-146a and miR-155 correlated with the expression of various inflammatory cytokines. Our results suggested miR-146a and miR-155 might play an important role in the pathophysiology of IgAN.
